A Rickettsia sp. was isolated from the blood of a patient with an acute febrile illness using the shell vial technique; the isolate was named CN45Kr and was identified by molecular assay as Rickettsia monacensis, which was first recognized as a pathogen in Spain. Sequencing analysis showed that the gltA sequence of the isolate was identical to that of Rickettsia sp. IRS3. The ompA-5mp fragment sequence showed 100% identity to those of R. monacensis and Rickettsia sp. In56 and ompA-3pA In56 and 100% identity to that of Rickettsia sp. IRS3. The ompB sequence was found to have 99.9% similarity to that of R. monacensis IrR/Munich. This study confirms the pathogenicity of this agent and provides additional information about its geographic distribution.
Spotted fever group rickettsiae are obligate intracellular gram-negative bacteria that are generally transmitted by tick bites and capable of infecting humans and other vertebrates. These organisms are distributed worldwide (1) . Korea has several endemic rickettsial diseases, including scrub typhus, which is caused by Orientia tsutsugamushi, and murine typhus, which is caused by Rickettsia typhi (2) . Serosurveys of wild rodents and humans have demonstrated that various SFG rickettsial diseases are prevalent in South Korea (3, 4) . Several SFG Rickettsia spp., including R. japonica, R. conorii, R. akari, R. felis, R. rickettsii and unclassified Rickettsia spp., have been detected by molecular assay from humans, ticks and mites (5) (6) (7) . However, prior to this report, only one human case of spotted fever rickettsiosis caused by R. japonica has been reported in South Korea (8) .
R. monacensis, an SFG Rickettsia sp., is a known tick endosymbiont. It was first isolated from the tick Ixodes ricinus in Munich, Germany, having been detected with molecular assays (9) . It has also been isolated from I. ricinus in Hungary and Portugal (10, 11) . Recently, a case of R. monacensis infection in humans was reported in a resident of Spain (12) and subsequent cases were reported in Italy and the Netherlands (13, 14) . More recently, R. monacensis was detected and isolated from Ixodes ticks in Korea (15, 16) .
Here, we report the isolation and establishment of R. monacensis in cell culture; the bacterium having been obtained from a blood sample from a patient with febrile disease in South Korea. This study presents additional evidence on the pathogenicity of R. monacensis and is also the first report on the presence of this agent in South Korea.
MATERIALS AND METHODS

Serum sample and serological test
The patient, a 73-year-old man, was admitted to CNUH, a tertiary hospital in Daejeon Metropolitan in 2006 ( Fig. 1) because of acute onset of high fever, headache and myalgia 4 days prior to admission. He resided in a suburban area, where he cultivated crops in a small field for personal consumption. At the hospital emergency department, he was found to have a temperature of 40°C, heart rate of 82 beats/min, respiratory rate of 24 breaths/min, blood pressure of 130/90 mmHg and oxygen saturation of 93% while breathing ambient air. Additionally, he had bloodshot eyes, hepatomegaly and cervical and axillary lymphadenopathy and examination of his skin revealed an eschar on his back and maculopapular rash on his body and extremities. His white blood cell count was 8.5 Â 10 9 cells/L, hemoglobin concentration 11.8 g/dL and platelet count 178.0 Â 10 9 cells/L. The erythrocyte sedimentation rate was 28 mm/hr by Wintrobe's method and the C-reactive protein concentration was 8.62 mg/dL. Alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase and lactate dehydrogenase concentrations were 122, 33, 36 and 714 IU/L, respectively. Based on a presumptive diagnosis of scrub typhus, the patient was treated with a single 500 mg dose of oral azithromycin. His temperature returned to normal 50 hr after the administration of azithromycin and he recovered without complications. Blood was collected in several tubes prior to the antibiotic treatment and heparinized for isolation of the causative agent. The specimens were quickly transported to a laboratory at Konkuk University and stored at À80°C before use. Another serum specimen was tested for IgG antibodies reactive to O. tsutsugamushi Boryong, R. japonica YH (ATCC VR-1363), and R. typhi Wilmington (VR-144) antigens by immunofluorescent antibody test, as previously described (17) . This serum sample was found to be reactive at dilutions of 1:1,280, 1:320 and 1:640 to O. tsutsugamushi, R. japonica and R. typhi antigens, respectively.
Isolation of rickettsiae using a shell vial assay
Rickettsia-like bacteria were isolated using a shell vial assay (18) . Frozen blood was thawed and inoculated into a monolayer of Vero cells and the infected cells and supernatant transferred into uninfected Vero cells every 3 weeks. Blind cultures were performed using a shell vial culture. At the fifth passage, monolayers of these infected cells were harvested and inoculated into 25 cm 2 flasks containing monolayers of Vero cells.
Detection of rickettsial nucleic acids
To identify the isolated strain (named CN45Kr), DNA was extracted from the isolate by the Chelex-100 method (19) and amplification of rOmpA encoding gene ompA, rOmpB encoding gene ompB and citrate synthase gene gltA attempted using oligonucleotide primers ( Table 1) . Amplifications of ompA were performed separately for the ompA 5 0 region (ompA-5 0 ; 1 to 645 region of ompA) and ompA 3 0 region (ompA-3 0 ; 2829 to 4476 region of ompA). For amplification of ompA-5 0 , 190-70F and rOmpA642R primers were used; for amplification of ompA-3 0 , 190-3588F and 190-5238R primers; for amplification of ompB, RompBRm155F and RompBRm1766R primers; and for amplification of gltA, RpCS.62p and RpCS.1258n primers. The amplified products of the gltA, ompA and ompB were analyzed by sequencing.
Sequencing analysis
Sequencing analyses of ompA-5 0 were performed twice using 190-70F and rOmpA642R primers. Sequencing analyses of ompA-3 0 were performed using 190-3588F, rOmpA1F, RhoA4336F, rOmpARm4433R, 190-5044R and 190-5238R primers and these partial sequences were combined into one ompA-3 0 gene sequence. Sequencing analyses of ompB were performed using RompBRm155F, RompBRm1766R, RompBRm845F and RompBRm961R primers and these partial sequences were combined into 
RESULTS
Isolation of rickettsiae
Microscopic observation of any cytopathic effect exerted by rickettsia and Gim enez staining after the first inoculation failed to confirm growth of a rickettsial agent. However, after a third passage, Rickettsia-like bacteria were detected with an IFA test using mouse hyperimmune sera immunized with R. japonica and R. conorii (data not shown). The isolates acquired by subsequent subculture were identified by PCR with specific rickettsial DNA primers.
Sequencing analysis
The amplified products of gltA, ompA-5 0 , ompA-3 0 and ompB of the isolate were identified as 1197 bp, 645 bp, 1648 bp and 1846 bp, respectively (data not shown). All sequences except for the primer regions of both ends were analyzed and the sequences of the partial ompA-5 0 , ompA-3 0 , ompB and gltA compared with various rickettsial sequences obtained from the GenBank database. Comparison of the gltA sequences showed that CN45Kr (KC993860) clustered with the R. monacensis group with 100% identity to Rickettsia sp. IRS3 (AF140706) (Fig. 2a) . CN45Kr ompA-5 0 (KC993862) showed 100% identity to R. monacensis MT34 (JX972178), R. monacensis (EU665232), Rickettsia sp. ZJ42 2007, I. persulcatus isolate JL-95 (DQ188830) and Rickettsia sp. In56 (AB114820) (Fig. 2b) . CN45 ompA-3 0 (KC993861) (30) showed 100% identity to R. monacensis MT34 (JX625149) and 99.9% to Rickettsia sp. IRS3 (AF141909S2) (Fig. 2c) . The CN45Kr ompB sequence (KC993863) was found to have 100% identity with R. monacensis MT34 (JX625150) and 99.9% to R. monacensis IrR/Munich (Fig. 2d) . On the basis of these multilocus sequence analyses, we report that CN45Kr is an isolate of R. monacensis.
DISCUSSION
We collected only a single serum specimen from the patient because he did not return to the hospital after receiving treatment and experiencing a full recovery. Serological testing by IFA assay showed his sera contained polyvalent antibodies reactive at dilutions of we therefore believe that our patient had previously been exposed to O. tsutsugamushi (2) (3) (4) .
To the best of our knowledge, this is the first report of isolation of R. monacensis in Korea and the fourth report on its pathogenicity (12) (13) (14) . We compared the sequences of the partial ompA-5 0 , ompA-3 0 , ompB and gltA to various rickettsial sequences obtained from the GenBank database. On the basis of the multilocus sequence analysis, we found that CN45Kr is an isolate of R. monacensis.
Thus far, several case reports of acute rickettsiosis with fever and rash caused by R. monacensis have been described in Europe (12) (13) (14) 23) . Two cases with MSF-like illness in which R. monacensis was isolated from the patients' blood have been reported, both from northern Spain (12) . Another two cases with MSF-like illness in which the nucleic acid of R. monacensis was detected from patients' eschars and cerebrospinal fluid have been reported from Italy and the Netherlands, respectively (13, 14) . This agent was also detected with Borrelia afzelii by PCR of biopsy tissue from an otherwise asymptomatic patient with erythema migrans in the Netherlands (23) . Our patient's symptoms did not differ notably from those of the two patients with rickettsiosis associated with R. monacensis reported from northern Spain (12) . The two patients in Spain presented with high fever, rash and headache, but no inoculation eschar. One patient had a slightly low platelet count (82.0 Â 10 9 cells/L) and examination findings within normal limits. Another patient had a normal blood count and normal values for other blood chemistry. However, our patient had a high fever, rash, headache and an eschar on his back. He also had myalgia, bloodshot eyes, hepatomegaly, and cervical and axillary lymph adenopathy and normal blood examination values including normal platelet count (178 Â 10 9 cells/L). The two patients with rickettsiosis associated with R. monacensis in northern Spain were treated with oral doxycycline (100 mg/12 hr for 10 days) (12) . Doxycycline is considered the drug of choice for treating rickettsial infection (24) (25) (26) . In addition, tetracyclines, chloramphenicol, azithromycin, clarithromycin and fluoroquinolones are known to be effective in treating certain rickettsioses (24) (25) (26) . A recent study showed that a single 500 mg dose of azithromycin is as effective as a 1 week course of 200 mg doxycycline/day for the treatment of mild scrub typhus (27) . Our patient was presumed to have scrub typhus and treated with a single 500 mg dose of oral azithromycin; he recovered without complications. However, further study is needed to determine the optimal treatment for infection with R. monacensis. We examined an eschar, which may have been caused by a tick bite, on the patient's back but did not investigate the vector responsible. R. monacensis has been detected and isolated from I. ricinus ticks in many countries (9) (10) 28) . There are two reports of its detection from I. sinensis and one from I. persulcatus in China (29, 30) ; GenBank Accession No. DQ188830). The geographical distribution of genus Ixodes ticks, including I. ricinus, I. persulcatus and I. nipponensis, and many cases of humans being bitten by them in Korea have been reported (31) . To date, R. monacensis has been detected in H. longicornis and I. nipponensis by PCR and sequencing analysis, the ticks having been collected on Jeju Island and in Gyonggi and Gangwon provinces (15, 32) . R. monacensis has also been isolated from I. nipponensis collected from live-captured small mammals in South Jeolla province in Korea (16) .
Several studies have shown that migratory birds have the potential to transport exotic vectors for many rickettsial agents, including R. monacensis (33) (34) (35) . Birds are capable of carrying ticks and tick-transmitted microorganisms over long distances and across geographical features such as oceans and deserts and possibly along the routes of their flyways. Birds are also known as potential reservoirs of one of tick-borne pathogens, R. helvetica as well as carriers of ticks (36) . However, ticks from migratory birds need to be further investigate for presence of rickettsial agents, especially R. monacensis, in Korea.
Establishment of rickettsial agents in a new geographic location depends on their ability to switch to local vector species and the availability of suitable reservoir hosts (34) .
This study confirms the pathogenicity of R. monacensis and provides additional information about its geographic distribution. Thus, infection with R. monacensis should be considered early in the differential diagnosis of febrile infections in persons exposed to ticks through agricultural practices or recreational and military activities in South Korea.
